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(54) METHOD AND DEVICE FOR DETECTING TONER CONSUMPTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately obtain each color toner 
consumption with a simple constitution as for a color faser printer. 
SOLUTION: A printing dot having a gradation value of >1 is outputted by 
a 1st comparison circuit 2, and a printing dot having a gradation value of 
>48 is outputted by a 2nd comparison circuit 3. A count value 1 is 
outputted to a 1st counter 5 by a dot arrangement pattern 
discrimination circuit 12 whenever the printing dot having the gradation 
value of >48 is detected, and a count value 1 is outputted to a 2nd 
counter 13 whenever the generation of three continuous dots is 
detected, and a count value 1 is outputted to a 3rd counter 7 whenever 
an isolated dot is detected, and a count value 1 is outputted to a 4th 
counter 8 whenever the printing dot having the gradation value of >1 is 
detected. When the count value 1 is separately outputted to the 1st 
counter 5, the 2nd counter 13, the 3rd counter 7 and the 4th counter 8 
by the discrimination circuit 12, an operation of counting up by one is 
performed by each counter. The toner consumption is calculated by 
using a prescribed expression by a calculation circuit 14 based on the 
counted values given from the 1st to 4th counters. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

M! 1 il d0 L CUme ? t haS b f en translated b V computer. So the translation may not reflect the original precisely 
2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



3LAIMS 



*Claim(s)] 

.Claim 1] I The toner consumption detection approach which divides a printing dot train into three patterns an 
solated dot, 2 continuation dot, and a mean value dot, carries out counting of the number of an isolated dot the 
jount of generating of 2 continuation dot, and the number of a mean value dot about the image of each color 
>r.nted at the period of a predetermined unit, and is characterized by calculating the consumption of the toner of 
iach color recorded on the record form based on those enumerated data. 

Claim 2] | A printing dot train about the image of each color printed at the period of a predetermined unit An 
solated dot, It d.vides into four patterns of 2 continuation dot, 3 continuation dot, and a mean value dot The 
oner consumption detection approach which carries out counting of the number of an isolated dot, the count of 
lenerating of 2 continuation dot, the count of generating of 3 continuation dot, and the number of a mean value 
lot, and is characterized by calculating the consumption of the toner of each color recorded on the record form 
iased on those enumerated data. 

Claim 3] The 1st comparator circuit which compares the 1st threshold with the value of a printing dot and the 
:nd comparator circuit which compares the 2nd larger threshold than the 1st threshold with the value of a 
rintmg dot, It is based on the output of the 1st comparator circuit and the 2nd comparator circuit. A printing 
ot train An isolated dot, It divides into three patterns of 2 continuation dot and a mean value dot. The number 
t an isolated dot, Toner consumption detection equipment which carries out counting of the count of generating 
f 2 continuation dot, and the number of a mean value dot, and is characterized by having an operation means to 
alculate the consumption of the toner of each color recorded on the record form based on those enumerated 



ata 



^laim 4] The 1st comparator circuit which compares the 1st threshold with the value of a printing dot and the 
nd comparator circuit which compares the 2nd larger threshold than the 1st threshold with the value of a 
rintmg dot, It is based on the output of the 1st comparator circuit and the 2nd comparator circuit. A printing 
ot train An isolated dot, ft divides into three patterns, 2 continuation dot, 3 continuation dot, and a mean value 
ot Toner consumption detection equipment which carries out counting of the number of an isolated dot the 
ount of generating of 2 continuation dot, the count of generating of 3 continuation dot, and the number of a 
lean value dot, and is characterized by having an operation means to calculate the consumption of the toner of 
ach color recorded on the record form based on those enumerated data. 



ranslation done.] 
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* NOTICES * 

JPO and NCIPJ are not responsible for any 
damages caused by the use of this translation. 

J'l^th 0 "" 16 ,'? b / 6 Z . t ? ra,atod by computer. So the translation may not reflect the original precisely. 
2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach and equipment which calculate the consumption of 
the toner of each color with a sufficient precision with an easy configuration in color picture formation 

tSmStu 33 ! la - r b6am pHnter Which f ° rmS an electros tatic latent image in a photo conductor 
by the light beam modulated w.th pnnt data, and the color toner which is a record ingredient is made to stick to 
[0002^ tCnt ' mage electrostatic . and forms an image in a record form. 

S?^? ° f 1^ Pri °" ^ ln the equi P ment which P erfor ™ color picture formation using color toners, such 
as a color laser beam pnnter, it is requested to the user that the consumption or the residue of a toner of yellow 

f 3 Mag< T nta (M i T"^" CC) J. and b ' ack (K) is showa [ of each coior J F ™ that P^o^e, although the toner 
3 f each color needs to detect which was consumed every whenever it performs color picture formation In color 

!k?hW !!3J T *? Uip ™ n \ ! n re u ° ent years ' multi "to"^ i 1 Panting dot, is made for each dot (this is called a 
>r.nt.ng dot) actually pnnted by the record form with two or more bit configuration. Moreover, the value of a 
printing dot Since the relation with the amount of toners consumed is nonlinear, it is made very difficult to 
s e performed° ner C ° nSUmption ° f each Color of C ' M ' Y > and K which are consumed when color picture formation 

0003] Although it is known well that the value of a printing dot and the relation of toner consumption are 
lonlmear the following occurs, for example. Although it is common that the Pulse-Density-Modulation (PWM) 
nethod I which generates the pulse which has the width of face according to the value of a printing dot as a pulse 
nodulation method, and controls the luminescence time amount of a laser beam by current color picture 
ormation equipment is adopted It is known that the relation between the width of face of the pulse outoutted 
rom the laser luminescence time amount, i.e., PWM circuit, when printing only the printing dot of a piece and the 
mount of toners consumed by the printed dot comes to be shown as the continuous line of schematic-diagram 
■ T" ince ,aser luminescence time amount responds to the value of a printing dot, it can be said that the 

5S3l u mea 1!. thB \ re ! ati ° n between the value of a P^ting dot and toner consumption is nonlinear. 
J004J However, the relation shown as the continuous line of drawing 7 always is not realized. For example 
nough the toner consumption when printing only one printing dot of a certain value independently is Xmg the 
mount of toners required for printing the printing dot concerned depending on the value of the printing dot 
djoined before and behind the printing dot concerned differs from Xmg. Thus, also when printing only one 
nnting dot independently, the value of a printing dot and the relation of the amount of consumption toners are 
onhnear and the amount of toners consumed when printing the printing dot concerned further also with the 
inn^°T-? e Print L" g adjoined before and behin °" t^t has a very complicated phenomenon [ say / change ] 
J005J This invention was made in view of the above situations, and also in the color picture formation * 
qmpment whose 1 printing dot is two or more bit configuration, it is an easy configuration and it aims at offering 
ie toner consumption detection approach and equipment which it is moreover accurate and can detect the 
resumption of the toner of each color of C, M, Y, and K 
I006] 

ieans for Solving the Problem] In order to attain the above-mentioned purpose, the 1st toner consumption 
itection approach concerning this invention About the image of each color printed like at the period of a 
edetermmed unit according to claim 1 A printing dot train is divided into three patterns, an isolated dot, 2 
>ntinuat.on dot, and a mean value dot, counting of the number of an isolated dot, the count of generating of 2 
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continuation dot, and the number of a mean value dot is carried out, and it is characterized by calculating the 
consumption of the toner of each color recorded on the record form based on those enumerated data. Moreover, 
the 2nd toner consumption detection approach concerning this invention About the image of each color printed 
like at the period of a predetermined unit according to claim 2 A printing dot train is divided into four patterns, 
an isolated dot, 2 continuation dot, 3 continuation dot, and a mean value dot. Counting of the number of an 
isolated dot, the count of generating of 2 continuation dot, the count of generating of 3 continuation dot, and the 
number of a mean value dot is carried out, and it is characterized by calculating the consumption of the toner of 
each color recorded on the record form based on those enumerated data. The 1st toner consumption detection 
equipment concerning this invention The 1st comparator circuit according to claim 3 which compares the 1st 
threshold with the value of a printing dot tike, The 2nd comparator circuit which compares the 2nd larger 
threshold than the 1st threshold with the value of a printing dot, It is based on the output of the 1st comparator 
circuit and the 2nd comparator circuit A printing dot train An isolated dot, It divides into three patterns of 2 
continuation dot and a mean value dot, counting of the number of an isolated dot, the count of generating of 2 
continuation dot, and the number of a mean value dot is carried out, and it is characterized by having an 
operation means to calculate the consumption of the toner of each color recorded on the record form based on 
those enumerated data. Moreover, the 2nd toner consumption detection equipment concerning this invention 
The 1st comparator circuit according to claim 4 which compares the 1st threshold with the value of a printing 
dot like, The 2nd comparator circuit which compares the 2nd larger threshold than the 1st threshold with the 
value of a printing dot, It is based on the output of the 1st comparator circuit and the 2nd comparator circuit. A 
printing dot train An isolated dot, It divides into three patterns, 2 continuation dot, 3 continuation dot, and a 
mean value dot. Counting of the number of an isolated dot, the count of generating of 2 continuation dot, the 
count of generating of 3 continuation dot, and the number of a mean value dot is carried out, and it is 
characterized by having an operation means to calculate the consumption of the toner of each color recorded on 
the record form based on those enumerated data. 
[0007] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of invention is explained, referring to a 
drawing. By the way, since the relation between the value of a printing dot and the amount of consumption 
toners is nonlinear as mentioned above, it will become difficult for it to detect toner consumption paying 
attention to the value of a printing dot. Then, this invention person found out two methods of the printing dot 
train to input being the array of the printing dot of what kind of value without paying attention to value itself of 
each printing dot, or detecting toner consumption paying attention to the pattern of the array as a result of 
various experiments. The 1st approach is a fundamental approach and the 2nd approach is amelioration of the 
1st approach. In addition, an experimental result is shown later. 

[0008] [the 1st toner consumption detection approach] — the 1st approach is explained first It sets to this 
approach and they are two thresholds Vth1 and Vth2 to the value of a printing dot. It sets and the pattern 
division of the array pattern of a printing dot train is carried out at three kinds* The 1st threshold Vth1 It is for 
distinguishing and sets to Vth 1= 1 whether to be that to which a printing dot consumes a toner with the 
gradation value of a printing dot The 2nd threshold Vth2 Although it is for distinguishing whether a gradation 
value is above to some extent and can set suitably by the bit pattern of a printing dot, when 1 printing dots are 6 
bit patterns, it is checked by experiment that it is good to be referred to as about 2= 48 Vth with the gradation 
value of a printing dot. About this, the example of a comparison is shown later. In fact, when 1 printing dots are 6 
bit patterns, as P shows Vth 2= 48 in drawing 7 , supporting the gradation value near [ with the longer laser 
luminescence time amount in the graph which shows the relation between laser luminescence time amount and 
toner consumption ] the point of inflection is checked. 

[0009] And the pattern division of the pattern of the array of a printing dot train is carried out at the following 
three kinds. 

** Isolated dot — Printing dot both whose gradation values of the printing dot before and behind that it is the 
printing dot whose gradation value is beyond the 2nd threshold, and are under the 2nd threshold. Such a printing 
dot is called an isolated dot. 

** 2 continuation dot — When two printing dots whose gradation values are beyond the 2nd threshold continue. 
This case is called 2 continuation dot. 

** Mean value dot — Printing dot whose gradation value is under the 2nd threshold above the 1st threshold. 
Such a printing dot is defined as a mean value dot. 

[0010] thus, carrying out a pattern division — an outline — it is as follows. The printing dot whose value is 
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beyond the 2nd threshold differs in toner consumption clearly from a mean value dot so that he can understand 
easily also from drawing 7 . Then, the validity of a value dividing into the thing beyond the 2nd threshold and the 
mean value dot below it first is clear. Next, about distinguishing an isolated dot and 2 continuation dot it is as 
follows. For example, suppose that it turns out about a certain color that the toner consumption when printing 
only one pnntmg dot of the maximum gradation independently is Xmg. Supposing it prints 2 dots of printing dots 
of the maximum gradation continuously at this time, it is known that the consumption of the toner of the color 
concerned at this time will increase more than that instead of twice of Xmg a little. According to such a 
situation even if a value is a printing dot beyond the 2nd threshold, the pattern division of the case where two 
cases where it is isolated are followed is carried out. 

[001 1] And C of the image printed at the period of a unit with proper 1-page unit or job unit etc For every 
image of each color of M, Y, and K, carry out counting of the number of an isolated dot, the count of generating 
of 2 contmuaton dot, and the number of a mean value dot, and each of the three enumerated data is received 
Carry out the multiplication of the multiplier of weighting to each pattern, and these three values are added By 
Darrying out the multiplication of the multiplier according to the color of a toner to the aggregate value the' 
=onsumption of the toner of each color recorded on the record form is calculated, the amount of offset is 
applied to it and the total amount of toners of each color then consumed is calculated. 
.0012] Here, the amount of offset is the amount of toners consumed regardless of the exposure time by the 
aser beam, and it is characteristic characteristic value for every color picture formation equipment That is if a 
shoto conductor is cleaned also when a pure white image is printed, it is known that some toners will be 
iischarged. This is the amount of offset. Since this amount of offset changes with colors, the amount of offset is 
rieasured about the toner of each color of C, M, Y, and K, respectively. 

.0013] Specifically, it is as follows. Now, the toner consumption of each color shall be detected per 1 page 
Moreover, the process of color picture formation shall be performed in order of C, M, Y, and K 
.0014] In this case, counting of the number of an isolated dot, the count of generating of 2 continuation dot and 
he number of a mean value dot is first carried out about the printing dot of the image of C color which carries 
>ut a sequential input For example, it carries out to it seeming that the printing dot train of the image of C color 
: hows now drawing 1 (a). In drawing 1 (a), 1 printing dot presupposes that it is 64 gradation in 6 bit patterns and 
3 taken as the 1st threshold Vth 1= 1 and the 2nd threshold Vth 2= 48. And a rectangle shows each printing dot 
ind the numeric value in a rectangle shows the gradation value of each printing dot Moreover, in drawing 1 (a) 
he number of 1-14 is attached to the printing dot for convenience. 

0015] Now, in drawing 1 (a), since it is beyond the 2nd threshold since the gradation value of the 2nd printing 
lot is 60, and both the gradation values of the printing dot before and behind that are under the 2nd threshold in 
0 and 20, the 2nd printing dot is an isolated dot The 13th printing dot is an isolated dot similarly. The black dot 
f the column of the isolated dot of drawing 1 (b) shows this. 

301 6] Moreover, the gradation value of the 6th printing dot is beyond the 2nd threshold, and the gradation value 
f the 7th following printing dot is also beyond the 2nd threshold. Therefore, since the printing dot beyond the 
nd threshold is following [ the gradation value ] the 6th and the 7th, 2 continuation dot has occurred once here 
: shows thrs that the black dot is attached to the part of the 7th printing dot of the column of 2 continuation 
ot of drawing 1 (b). Similarly, since both the gradation values of the 7th and the 8th printing dot are beyond the 
nd threshold, 2 continuation dot has occurred once also here. It shows this that the black dot is attached to 
ie part of the 8th printing dot of the column of 2 continuation dot of drawing 1 (b). It is the same as that of the 
sllowing. Moreover, the black dot of the column of the mean value dot of drawing 1 (b) comes to show a mean 
alue dot by the above-mentioned definition. Therefore, in the case of drawing 1 (a), the enumerated data of the 
umber of 4 and a mean value dot are set [ the enumerated data of the number of an isolated dot ] to 6 by the 
numerated data of the count of generating of 2 and 2 continuation dot. 

)017] And the multiplication of the weighting multiplier to each pattern is carried out to each of these three 
numerated data, and those three values are added to it. And the multiplication of the multiplier of the toner of 
color is further earned out to the aggregate value, the amount of offset is further applied to the multiplication 
alue, and the amount of toners of C color then consumed is calculated. Therefore, the consumption of 1 
Dncerned page C color toner is a weighting multiplier [ as opposed to the pattern of k2 and a mean value dot 
•r a weighting multiplier / as opposed to the pattern of k1 and 2 continuation dot for the weighting multiplier to 
ie pattern of an isolated dot ] k3 It carries out and is Kc about the multiplier of the toner of C color. It carries 
Jt C color toner consumption = Kc x{k1 x (enumerated data of the number of an isolated dot) 
k2 x (enumerated data of the count of generating of 2 continuation dot) 
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+ k3 xCenumerated data of the number of mean value dot)} 
+ The amount of offset of C color toner — It is set to (1). 

[0018] Next, although the sequential input of the printing dot of the image of M color is carried out, counting of 
the number of an isolated dot, the count of generating of 2 continuation dot, and the number of a mean value dot 
is similarly carried out to the printing dot of the image of M color. And the multiplication of the predetermined 
multiplier is carried out to these three enumerated data, respectively, these three values are added, the amount 
of offset is further applied to the aggregate value, and the amount of toners of M color then consumed is 
calculated. Therefore, the consumption of 1 concerned page M color toner is Km about the multiplier of the 
toner of M color. If it carries out M color toner consumption = Km x{k1 x (enumerated data of the number of an 
isolated dot) 

+ k2 x (enumerated data of the count of generating of 2 continuation dot) 
+ k3 xCenumerated data of the number of mean value dot)} 
+ The amount of offset of M color toner — It is set to (2). 

[0019] The same is said of the printing dot of the image of following and Y color, and the printing dot of the 
image of K color. Therefore, the consumption of 1 concerned page Y color toner and the consumption of K color 
toner are Kk about the multiplier of the toner of Ky and K color in the multiplier of the toner of Y color. It carries 
out and is each. Y color toner consumption = Ky x{k1 x (enumerated data of the number of an isolated dot) 
+ k2 x (enumerated data of the count of generating of 2 continuation dot) 
+ k3 x(enumerated data of the number of mean value dot)} 

+ The amount of offset of Y color toner — (3) K color toner consumption = Kk x{k1 x (enumerated data of the 
number of an isolated dot) 

+ k2 x (enumerated data of the count of generating of 2 continuation dot) 
+ k3 xCenumerated data of the number of mean value dot)} 
+ The amount of offset of K color toner — It is set to (4), 

[0020] In addition, the multiplier Ky of the weighting multiplier k1 to each above-mentioned pattern, k2, k3, and 
the toner of each color, Km, Kc, and Kk A value The amount of toners of each color which printed about various 
images and was then printed by the record form is surveyed. The surveyed amount of toners, What is necessary 
is just to set based on the relation between the number of the isolated dot of the printing dot train of each color 
of the image printed at that time, the count which 2 continuation dot generates, and the number of a mean value 
dot etc. 

[0021] Although the value of the weighting multiplier k1 to three patterns, k2, and k3 shall use the same value by 
the above-mentioned (1) ~ (4) formula, since a property changes with colors of a toner, the weighting multiplier 
to the pattern of an isolated dot, the weighting multiplier to the pattern of 2 continuation dot, and the weighting 
multiplier to the pattern of a mean value dot may be changed by the color of a toner. Moreover, in the above- 
mentioned explanation, although the 2nd threshold made all the same about C, M, Y, and K, it may be changed by 
the color. 

[0022] thus, various consumption of the toner of each color for which it asked can be boiled and used. For 
example, when the color picture formation equipment concerned is connected to the personal computer, the 
calculated toner consumption is passed to a personal computer, toner consumption is integrated and memorized 
by the personal computer side, and it can display as a bar graph at the time of printing. 

[0023] Since it is above, by this toner consumption detection approach The pattern of the printing dot train of 
each color of a printing image An isolated dot, 2 continuation dot, It divides into three kinds of mean value dots* 
The number of an isolated dot, the count of generating of 2 continuation dot, Carry out counting of the number 
of a mean value dot, and carry out the multiplication of the weighting multiplier to each pattern to these three 
enumerated data, and it is added to them. The multiplication of the multiplier according to the color of a toner is 
carried out to the aggregate value, and since what is necessary is just to perform processing in which the 
amount of offset is added to the multiplication value, it is realizable with an easy configuration so that it may 
mention later. Moreover, since this toner consumption detection approach detects toner consumption based on 
a printing dot train, it is not based on the pulse modulation method which generates the pulse for driving a laser 
beam, but can be applied also to the equipment which uses a Pulse-Amplitude-Modulation (Pulse Amplitude 
Modulation) method also for the equipment using PWM, or the equipment of the hybrid configuration which 
combined PWM and Pulse Amplitude Modulation. 

[0024] One operation gestalt of [the toner consumption detection equipment which adopted the 1st toner 
consumption detection approach], next the toner consumption detection equipment which detects toner 



http://www4jpdl.ncipi.goJp/cgi-bin/tran_web_cgi_ejje 



2006/06/02 



JP.2002-174929.A [DETAILED DESCRIPTION] 



5/13 ^— ^ 



consumption by the toner consumption detection approach mentioned above is explained. In addition 1 printing 
dot presupposes that they are 6 bit patterns here. 

[0025] Drawing 2 is drawing showing the partial block diagram of 1 operation gestalt at the time of applying toner 
consumption detection equipment to a color laser beam printer. 1 — toner consumption detection equipment 
and 2 — the 1st comparator circuit and 3 — the 2nd comparator circuit and 4 — a dot array pattern distinction 
circuit (a distinction circuit is only called hereafter) and 5 — in the 1st counter and 6, the 4th counter and 9 
show an anthmetic circuit and, as for the 2nd counter and 7, 10 shows a pulse modulation circuit, as for the 3rd 
counter and 8. In addition, a color laser beam printer presupposes that it is the thing of the type with which the 
development counter of four colors of C, M, Y, and K has been arranged around one photo conductor here In 
this type of color laser beam printer, it is common knowledge to form the electrostatic latent image of four 
colors of C, M, Y, and K in one photo conductor by one laser beam. Moreover, the configuration of this type of 
the whole color laser beam printer is common knowledge, and since it moreover is not the essence of this 
invention, in drawing 2 , illustration is omitted about the photo conductor or the development counter 
0026] Hereafter, each part shown in drawing 2 is explained. The 1st comparator circuit 2 is the value and the 
1st threshold Vth1 of a printing dot to input It compares, the printing dot which has a value beyond the 1st 
threshold is outputted to the distinction circuit 4, and it is this 1st threshold Vth1. It is 1 in a gradation value 
.0027] The 2nd comparator circuit 3 is the value and the 2nd threshold Vth2 of a printing dot to input It 
sompares, the printing dot which has a value beyond the 2nd threshold is outputted to the distinction circuit 4 
and it is the 2nd threshold Vth2 here. It is referred to as 48 with a gradation value. 

.0028] The distinction circuit 4 is based on the train of the value of the printing dot by which a sequential input 
s carried out from the 1st comparator circuit 2 and the 2nd comparator circuit 3. When the value of a printing 
Jot is beyond the 1st threshold and the value of a printing dot is beyond the 2nd threshold It is what 
Jrst.ngu.shes the case where it is four in the case of being an isolated dot when 2 continuation dot has occurred 
Whenever a gradation value detects the printing dot beyond the 2nd threshold, 1 is outputted to the 1st counter 
) every. Whenever it detects that 2 continuation dot occurred, 1 is outputted to the 2nd counter 6 every 
vhenever it detects an isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the 
irinting dot whose gradation value is beyond the 1st threshold, 1 is outputted to the 4th counter 8 every 
herefore, about 48 or more printing dots whose gradation values are the 2nd threshold, 1 will be outputted to 
ioth the 1st counter 5 and the 4th counter 8 at least in this case. 

0029] The 1st counter 5, the 2nd counter 6, the 3rd counter 7, and the 4th counter 8 will perform actuation 
vhich counts up only 1, respectively, if the distinction circuits 4-1 are outputted. In addition, a control signal is 
lotified to these four counters from the control section which manages processing of the color picture formation 
✓hich is not illustrated, respectively. There are a start signal which notifies transfer initiation of a printing dot 
nd an end signal which notifies transfer termination of a printing dot in this control signal. And if a start signal is 
eceived, these four counters will start counting of the output from the distinction circuit 4, and will pass signal 
***** and enumerated data to an arithmetic circuit 9, and will clear enumerated data. Supposing there is an 
rray of a printing dot as followed, for example, shown in drawing 1 R> 1 (a), the distinction circuit 4 As the black 
ot of the column of the 1st counter of drawing 1 (c) shows to the 1st counter 5, the enumerated data in the 1st 
ounter 5 in the period of the printing dot train which will output 1, respectively at the time of the 2nd, the 6- 
0th, and the 13th printing dot, therefore is shown in drawing 1 (a) are set to 7. The same is said of the 2nd 
ounter 6 - the 4th counter 8. 

D030] A control signal is notified to an arithmetic circuit 9 from the control section which manages processing 
f the color picture formation which is not illustrated. There are a chrominance signal which shows of which 
olor the process performed now is a thing, a start signal which notifies transfer initiation of a printing dot, and 
n end signal which notifies transfer termination of a printing dot in this control signal. Therefore, although' an 
rithmetic circuit 9 receives enumerated data from the 1st counter 5 - the 4th counter 8, the arithmetic circuit 
recognizes whether the enumerated data received from each counters 5-8 are the things about the image of 
hich color with the chrominance signal from a control section. 

)031] And an arithmetic circuit 9 calculates the enumerated data of the number of an isolated dot, the 
numerated data of the count of generating of 2 continuation dot, and the enumerated data of the number of a 
iean value dot based on the enumerated data received from the 1st counter 5 - the 4th counter 8. The 
numerated data of the number of an isolated dot are the enumerated data of the 3rd counter 7 itself. The 
numerated data of the count of generating of 2 continuation dot are the enumerated data of the 2nd counter 6 
self. Moreover, the enumerated data of the number of a mean value dot can be calculated with the value which 
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subtracted the enumerated data of the 1st counter 5 from the enumerated data of the 4th counter 8. 
[0032] And an arithmetic circuit 9 is the weighting multiplier [ as opposed to each pattern to the enumerated 
data of the enumerated data of the number of an isolated dot, the enumerated data of the count of generating of 
2 continuation dot, and the enumerated data of the number of a mean value dot] k1, k2, and k3. Multiplication is 
carried out. These three vafues are added, the multiplication of the multiplier according to the color of a toner is 
further carried out to the aggregate value, the amount of offset according to the color of a toner is further 
added to it r and the toner consumption of the color concerned in this print is calculated. In addition, the 
weighting multiplier k1 to these three patterns, k2, and k3 A value, the multiplier Ky of the toner of each color, 
Km, Kc, and Kk The value and the amount of offset of each color are beforehand set as the arithmetic circuit 9. 
[0033] The pulse modulation circuit 10 may be the thing of the hybrid configuration which generates the pulse 
which drives a laser beam based on a printing dot t and combined them using Pulse Amplitude Modulation using 
PWM. 

[0034] Hereafter, although actuation is explained, the process of color picture formation shall be performed in 
order of C, M T Y, and K here. First, although the process of color picture formation of C is performed, a start 
signal is notified to the 1st counter 5 - the 4th counter 8 from a control section at this time, and the 
chrominance signal and start signal which show that it is color picture formation of C from a control section are 
notified to an arithmetic circuit 9. 

[0035] And a transfer of the printing dot of the image of C is started and this printing dot is inputted into the 1st 
comparator circuit 2, the 2nd comparator circuit 3, and the pulse modulation circuit 10. In the pulse modulation 
circuit 10, pulse modulation is performed based on the value of each printing dot, and the generated pulse is 
supplied to a laser mechanical component (not shown to drawing 2 ). 

[0036] Moreover, for the 1st comparator circuit 2, the value of the printing dot to input is the 1st threshold 
Vth1. The value of the printing dot which outputs the value of that printing dot to the distinction circuit 4 T and 
inputs the 2nd comparator circuit 3 in being above is the 2nd threshold Vth2. In being above, it performs 
actuation which outputs the value of this printing dot to the distinction circuit 4. 

[0037] And the distinction circuit 4 is based on the train of the value of the printing dot by which sequential 
supply is carried out from the 1st comparator circuit 2 and the 2nd comparator circuit 3. When the value of a 
printing dot is beyond the 1st threshold and the value of a printing dot is beyond the 2nd threshold, It is what 
distinguishes the case where it is four in the case of being an isolated dot when 2 continuation dot has occurred. 
Whenever a gradation value detects the printing dot beyond the 2nd threshold, 1 is outputted to the 1st counter 
5 every. Whenever it detects that 2 continuation dot occurred, 1 is outputted to the 2nd counter 6 every, 
whenever it detects an isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the 
printing dot whose gradation value is beyond the 1st threshold, actuation which outputs 1 to the 4th counter 8 
every is performed. 

[0038] Whenever the distinction circuits 4-1 are outputted, the 1st counter 5 - the 4th counter 8 repeat the 
actuation counted up every, after receiving a start signal until it receives a signal, and the 1st counter 5 - the 
4th counter 8 — and — if a signal is received — the enumerated data at that time — an arithmetic circuit 9 — ; 
passing — enumerated data — clearing — the following counting — actuation is stood by. 

[0039] If enumerated data are received from the 1st counter 5 - the 4th counter 8, since it recognizes that the 
enumerated data concerned are the enumerated data about the printing dot of the image of C, an arithmetic 
circuit 9 will calculate the consumption of C color toner at this time by the following formula, 
C color toner consumption ~ Kc x[k1 x (enumerated data of the 3rd counter) 
+ k2 x (enumerated data of the 2nd counter) 

+ k3 x(enumerated data of the enumerated~data-1st counter of 4th counter)} 

+ the amount of offset of C color toner — (5) — although the process of the image formation of M is started 
after doing in this way and completing the process of the image formation of C next, a start signal is notified to 
the 1st counter 5 - the 4th counter 8 from a control section at this time, and the chrominance signal and start 
signal which show that it is color picture formation of C from a control section are notified to an arithmetic 
circuit 9. 

[0040] And a transfer of the printing dot of the image of M is started and this printing dot is inputted into the 1st 
comparator circuit 2, the 2nd comparator circuit 3, and the pulse modulation circuit 10. In the pulse modulation 
circuit 10, pulse modulation is performed based on the value of each printing dot, and the generated pulse is 
supplied to a laser mechanical component 

[0041] Moreover, for the 1st comparator circuit 2, the value of the printing dot to input is the 1st threshold 
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Vth1. The value of the printing dot which outputs the value of that printing dot to the distinction circuit 4 and 
inputs the 2nd comparator circuit 3 in being above is the 2nd threshold Vth2. In being above, it performs ' 
actuation which outputs the value of this printing dot to the distinction circuit 4. 

[0042] And the distinction circuit 4 is based on the train of the value of the printing dot by which sequential 
supply is carried out from the 1st comparator circuit 2 and the 2nd comparator circuit 3. When the value of a 
printing dot is beyond the 1st threshold and the value of a printing dot is beyond the 2nd threshold It is what 
distinguishes the case where it is four in the case of being an isolated dot when 2 continuation dot' has occurred 
Whenever a gradation value detects the printing dot beyond the 2nd threshold, 1 is outputted to the 1st counter 
5 every. Whenever it detects that 2 continuation dot occurred, 1 is outputted to the 2nd counter 6 every 
whenever it detects an isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the 
printing dot whose gradation value is beyond the 1st threshold, actuation which outputs 1 to the 4th counter 8 
every is performed. 

[0043] Whenever the distinction circuits 4-1 are outputted, the 1st counter 5 - the 4th counter 8 repeat the 
actuation counted up every, after receiving a start signal until it receives a signal, and the 1st counter 5 - the 
4th counter 8 — and — if a signal is received — the enumerated data at that time — an arithmetic circuit 9 — 
passing enumerated data — clearing — the following counting — actuation is stood by. 
.0044] If enumerated data are received from the 1st counter 5 - the 4th counter 8, since it recognizes that the 
snumerated data concerned are the enumerated data about the printing dot of the image of M, an arithmetic 
sircuit 9 will calculate the consumption of M color toner at this time by the following formula. ' 
VI color toner consumption = Km x{k1 x (enumerated data of the 3rd counter) 
i- k2 x (enumerated data of the 2nd counter) 

h k3 x(enumerated data of the enumerated-data-1 st counter of 4th counter)} 

(- The amount of offset of M color toner — (6) [0045] Next, although the process of the image formation of Y is 
jerformed, and the process of the image formation of K is performed continuously, the toner consumption of Y 
:olor and the toner consumption of K color are calculated similarly also at the time of these image formation 
jrocesses. The consumption of Y color toner at this time and the consumption of K color toner are as follows 
espectively. 
0046] 

f color toner consumption = Ky x{k1 x (enumerated data of the 3rd counter) 

- k2 x (enumerated data of the 2nd counter) 

- k3 x(enumerated data of the enumerated-data-1 st counter of 4th counter)} 

- The amount of offset of Y color toner — (7) K color toner consumption = Kk x{k1 x (enumerated data of the 
Ird counter) 

■ k2 x (enumerated data of the 2nd counter) 

• k3 x(enumerated data of the enumerated-data-1 st counter of 4th counter)} 

• The amount of offset of K color toner — (8) [0047] In addition, although the operation of the toner 
;onsumption of each color is performed for every formation process of one color image in the above example 
mce the case where the electrostatic latent image of four colors of C, M, Y, and K was applied to the color 
jser beam printer of the type formed in one photo conductor by one laser beam was explained In applying to the 
o-called tandem type equipped with four sets of a photo conductor and a development counter of thing 
dthough it is also possible to calculate toner consumption per one print, of course since what is necessary is 
jst to form this toner consumption detection equipment in the network of four image formation processes, C, M, 
, and K, respectively It is also possible to calculate toner consumption in a unit with proper job unit or one-day 
nit etc. In that case, naturally rt is necessary to change suitably the gestalt of the control signal notified to four 
ounters and an arithmetic circuit 9 according to the unit which calculates toner consumption. 

D048] The weighting multiplier [ as opposed to three patterns by the above-mentioned explanation ] k1, k2, and 
3 Although the value shall use the same value, since a property changes with colors of a toner, the weighting 
lultiplier to the pattern of an isolated dot, the weighting multiplier to the pattern of 2 continuation dot, and the 
eighting multiplier to the pattern of a mean value dot may be changed by the color of a toner. 
)049] What is necessary is just to give the data of the consumption of the toner of each color for which it 
3ked in the arithmetic circuit 9 to a means to manage the processing which performs the display of toner 
onsumption or a toner residue. In the printing screen of the personal computer which gives by this the image 
ata printed on the color laser beam printer concerned, if it has the proper display function to the printer 
Dncerned itself possible [ displaying the consumption or the residue of a toner of each color with proper graphs 
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such as a bar graph ], it is possible to display the consumption or the residue of a toner of each color using the 
display function. 

[0050] Since it is above, according to this toner consumption detection equipment, the toner consumption of 
each color can be calculated with an easy configuration, and it is possible to apply to the thing using any pulse 
modulation methods moreover. 

[0051] The [2nd toner consumption detection approach], next the 2nd amount detection approach of toners are 
explained. In addition, about an isolated dot, 2 continuation dot, a mean value dot, the 1st threshold, and the 2nd 
threshold, it is the same in having mentioned above. 

[0052] This 2nd approach is amelioration of the 1st approach mentioned above. By the 1st approach, the pattern 
of the array of a printing dot train Although it classified into three kinds, an isolated dot, 2 continuation dot, and 
a mean value dot, and the consumption of the toner of each color was detected based on three enumerated 
data, the enumerated data of the number of an isolated dot, the enumerated data of the count of generating of 2 
continuation dot* and the enumerated data of the number of a mean value dot He is trying to also distinguish 3 
continuation dot by this 2nd approach in addition to three kinds of above-mentioned patterns. Here, 3 
continuation dot shall mean the case where three printing dots whose gradation values are beyond the 2nd 
threshold continue. 

[0053] To 2 continuation dot, in addition, also distinguishing 3 continuation dot By for example, three cases 
where two printing dots of the maximum gradation are continuing and the case where it is continuing Since the 
latter toner consumption has the phenomenon of increasing more than it instead of 3/2 of the former toner 
consumption a little, it is because it is thought that toner consumption can be detected with a more sufficient 
precision by distinguishing 2 continuation dot and 3 continuation dot 

[0054] Specifically, it is as follows. Now, the toner consumption of each color shall be detected per 1 page. 
Moreover, the process of color picture formation shall be performed in order of C, M, Y, and K. 
[0055] In this case, counting of the number of an isolated dot, the count of generating of 2 continuation dot, the 
count of generating of 3 continuation dot, and the number of a mean value dot is first carried out about the 
printing dot of the image of C color which carries out a sequential input For example, it carries out to it seeming 
that the printing dot train of the image of C color shows now drawing 3 (a). In addition, drawing 3 (a) is the same 
as drawing 1 (a). 1 printing dots are 6 bit patterns, and are taken as the 1st threshold Vth 1= 1 and the 2nd 
threshold Vth 2= 48 also here, 

[0056] About an isolated dot, 2 continuation dot, and a mean value dot, it is the same in having explained by the 
1st approach. About 3 continuation dot, it is as follows. The gradation value of the 6th printing dot is beyond the 
2nd threshold, and both the gradation values of the 7th and the 8th following printing dot are also beyond the 
2nd threshold. Therefore, since the printing dot beyond the 2nd threshold is following [ the gradation value ] the 
6th, the 7th f and the 8th, 3 continuation dot has occurred once here. It shows this that the black dot is attached 
to the part of the 8th printing dot of the column of 3 continuation dot of drawing 3 (b). Similarly, since each 
gradation value of the 7th, the 8th, and the 9th printing dot is beyond the 2nd threshold, 3 continuation dot has 
occurred once also here. It shows this that the black dot is attached to the part of the 9th printing dot of the 
column of 3 continuation dot of drawing 3 R> 3 (b). It is the same as that of the following. Therefore, in the case 
of drawing 3 (a), the enumerated data of the number of 3 and a mean value dot are set [ the enumerated data of 
the number of an isolated dot / the enumerated data of the count of generating of 2 and 2 continuation dot] to 
6 by the enumerated data of the count of generating of 4 and 3 continuation dot. 

[0057] And the multiplication of the weighting multiplier to each pattern is carried out to these four enumerated 
data, respectively, and those four values are added. And the multiplication of the multiplier of the toner of C 
color is further carried out to the aggregate value, the amount of offset is further applied to the multiplication 
value, and the amount of toners of C color then consumed is calculated. Therefore, the consumption of 1 
concerned page C color toner A weighting multiplier [ as opposed to the pattern of k1 and 2 continuation dot for 
the weighting multiplier to the pattern of an isolated dot ] k2, It is a weighting multiplier [ as opposed to the 
pattern of k3 and a mean value dot for the weighting multiplier to the pattern of 3 continuation dot ] k4 It carries 
out and is Kc about the multiplier of the toner of C color. It carries out. C color toner consumption = Kc x{k1 x 
(enumerated data of the number of an isolated dot) 

+ k2 x (enumerated data of the count of generating of 2 continuation dot) 
+ k3 x (enumerated data of the count of generating of 3 continuation dot) 
+ k4 x(enumerated data of the number of mean value dot)} 
+ The amount of offset of C color toner — It is set to (9). 
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[0058] Next, although the sequential input of the printing dot of the image of M color is carried out counting of 
the number of an isolated dot, the count of generating of 2 continuation dot, the count of generating of 3 
continuation dot, and the number of a mean value dot is similarly carried out to the printing dot of the image of 

co,or - And the multiplication of the weighting multiplier to each pattern is carried out to these four 
enumerated data, respectively, and those four values are added, and — further — the aggregate value — the 
multiplier of the toner of M color — multiplication — carrying out — further — the multiplication value — the 
amount of offset — in addition, the amount of toners of M color then consumed is calculated. Therefore the 
consumption of 1 concerned page C color toner is Km about the multiplier of the toner of M color. It carries out 
M color toner consumption = Km x{k1 x (enumerated data of the number of an isolated dot) 
+ k2 x (enumerated data of the count of generating of 2 continuation dot) 
+• k3 x (enumerated data of the count of generating of 3 continuation dot) 
*■ k4 x(enumerated data of the number of mean value dot)} 
* The amount of offset of M color toner — It is set to (10). 

.0059] The same is said of the printing dot of the image of following and Y color, and the printing dot of the 
mage of K color. Therefore, the consumption of 1 concerned page Y color toner and the consumption of K color 
:oner are Kk about the multiplier of the toner of Ky and K color in the multiplier of the toner of Y color It carries 
DUt and is each. Y color toner consumption = Ky x{k1 x (enumerated data of the number of an isolated dot) 
H k2 x (enumerated data of the count of generating of 2 continuation dot) 
i- k3 x (enumerated data of the count of generating of 3 continuation dot) 
h k4 x(enumerated data of the number of mean value dot)} 

h The amount of offset of Y color toner — (1 1) K color toner consumption = Kk x[k1 x (enumerated data of the 
lumber of an isolated dot) 

- k2 x (enumerated data of the count of generating of 2 continuation dot) 

- k3 x (enumerated data of the count of generating of 3 continuation dot) 

- k4 x(enumerated data of the number of mean value dot)} 

- The amount of offset of K color toner — It is set to (12). 

0060] In addition, the weighting multiplier k1 to each above-mentioned pattern, k2, k3, and k4 And the multiplier 
.y of the toner of each cobr, Km, Kc, and Kk A value The amount of toners of each color which printed about 
arious images and was then printed by the record form is surveyed. The surveyed amount of toners What is 
lecessary is just to set based on the relation between the number of the isolated dot of the printing'dot train of 
ach color of the image printed at that time, the count which 2 continuation dot generates, the count which 3 
continuation dot generates, and the number of a mean value dot etc. 

0061] The weighting multiplier [ as opposed to four patterns at the above-mentioned (9) - (12) type ] k1 k2 
nd k3 and k4 Although the value shall use the same value A weighting multiplier [ as opposed to the pattern' of 
n isolated dot by the color of a toner ] since a property changes with colors of a toner. The weighting multiplier 
d the pattern of 2 continuation dot, the weighting multiplier to the pattern of 3 continuation dot, and the 
weighting multiplier to the pattern of a mean value dot may be changed. Moreover, in the above-mentioned 
xplanation, although the 2nd threshold made all the same about C, M, Y, and K, it may be changed by the color 
i addition, as for various consumption of the toner of each color for which carried out in this way and it asked 
is same in having mentioned above that it can be alike and can use. 

3062] Since it is above, by this toner consumption detection approach The pattern of the printing dot train of 
ach color of a printing image An isolated dot, 2 continuation dot, It divides into four kinds of 3 continuation dot 
nd a mean value dot. The number of an isolated dot, Counting of the count of generating of 2 continuation dot 
ie count of generating of 3 continuation dot, and the number of a mean value dot is carried out Since what is' 
ecessary is just to perform processing in which carry out the multiplication of the weighting multiplier to each 
attern to these four enumerated data, and add it to them, and carry out the multiplication of the multiplier 
=cording to the color of a toner to the aggregate value, and the amount of offset is added to the multiplication 
alue, it is realizable with an easy configuration so that it may mention later. Moreover, since this toner 
Dnsumption detection approach detects, toner consumption based on a printing dot train, it is not based on the 
Jlse modulation method which generates the pulse for driving a laser beam, but can be applied also to the 
luipment which uses a Pulse-Amplitude-Modulation (Pulse Amplitude Modulation) method also for the 
luipment using PWM, or the equipment of the hybrid configuration which combined PWM and Pulse Amplitude 
odulation. 

063] One operation gestalt of [the toner consumption detection equipment which adopted the 2nd toner 
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consumption detection approach], next the toner consumption detection equipment which detects toner 
consumption by the 2nd toner consumption detection approach mentioned above is explained. In addition, 1 
printing dot presupposes that they are 6 bit patterns here. 

[0064] Drawing 4 is drawing showing the partial block diagram of 1 operation gestalt at the time of applying toner 
consumption detection equipment to a color laser beam printer. Although the configuration shown in drawing 4 is 
the same as that of what is shown in drawing 2 , a part of the actuation differs. In drawing 4 , in 1 1, a dot array 
pattern distinction circuit (a distinction circuit is only called hereafter) and 13 show the 2nd counter, and, as for 
toner consumption detection equipment and 12, 14 shows an arithmetic circuit. In addition, in drawing 4 R> 4, the 
explanation which attaches the same sign and overlaps about the same thing as what is shown in drawing 2 will 
be minimized. Moreover, although [ here / a color laser beam printer 3 it is the thing of the type with which the 
development counter of four colors of G t M, Y, and K has been arranged around one photo conductor, the 
configuration of this type of the whole color laser beam printer is common knowledge, and since it moreover is 
not the essence of this invention, by drawing 4 , illustration is omitted about the photo conductor or the 
development counter. 

[0065] The distinction circuit 12 is based on the train of the value of the printing dot by which a sequential input 
is carried out from the 1st comparator circuit 2 and the 2nd comparator circuit 3. When the value of a printing 
dot is beyond the 1st threshold and the value of a printing dot is beyond the 2nd threshold, It is what 
distinguishes the case where it is four in the case of being an isolated dot when 3 continuation dot has occurred. 
Whenever a gradation value detects the printing dot beyond the 2nd threshold, 1 is outputted to the 1st counter 
5 every. Whenever it detects that 3 continuation dot occurred, 1 is outputted to the 2nd counter 13 every, 
whenever it detects an isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the 
printing dot whose gradation value is beyond the 1st threshold, 1 is outputted to the 4th counter 8 every- 
[0066] The 1st counter 5 T the 2nd counter 13, the 3rd counter 7, and the 4th counter 8 will perform actuation 
which counts up only 1, respectively, if the distinction circuits 12-1 are outputted. In addition, a control signal is 
notified to these four counters from the control section which manages processing of the color picture formation 
which is not illustrated, respectively. There are a start signal which notifies transfer initiation of a printing dot, 
and an end signal which notifies transfer termination of a printing dot in this control signal. And if a start signal is 
received, these four counters will start counting of the output from the distinction circuit 12, and will pass signal 
****** a nd enumerated data to an arithmetic circuit 14, and will clear enumerated data. Supposing there is an 
array of a printing dot as followed, for example, shown in drawing 3 (a), the distinction circuit 12 As the black dot 
of the column of the 1st counter of drawing 1 (c) shows to the 1st counter 5, the enumerated data in the 1st 
counter 5 in the period of the printing dot train which will output 1 T respectively at the time of the 2nd, the 6- 
10th, and the 13th printing dot, therefore is shown in drawing 1 (a) are set to 7, The same is said of the 2nd 
counter 13, the 3rd counter 7, and the 4th counter 8. 

[0067] A control signal is notified to an arithmetic circuit 14 from the control section which manages processing 
of the color picture formation which is not illustrated. There are a chrominance signal which shows of which 
color the process performed now is a thing, a start signal which notifies transfer initiation of a printing dot, and 
an end signal which notifies transfer termination of a printing dot in this control signal. Therefore, although an 
arithmetic circuit 14 receives enumerated data from the 1st - the 4th counter, the arithmetic circuit 14 
recognizes whether the enumerated data received from each counter are the things about the image of which 
color with the chrominance signal from a control section. 

[0068] And an arithmetic circuit 14 calculates the enumerated data of the number of an isolated dot, the 
enumerated data of the count of generating of 2 continuation dot, the enumerated data of the count of 
generating of 3 continuation dot, and the enumerated data of the number of a mean value dot based on the 
enumerated data received from the 1st counter - the 4th counter. The enumerated data of the number of an 
isolated dot are the enumerated data of the 3rd counter 7 itself. The enumerated data of the count of generating 
of 3 continuation dot are the enumerated data of the 2nd counter 13 itself. Moreover, the enumerated data of 
the count of generating of 2 continuation dot can be calculated with the value which subtracted the enumerated 
data of the 2nd counter, and the enumerated data of the 3rd counter from the enumerated data of the 1st 
counter 5. Furthermore, the enumerated data of the number of a mean value dot can be calculated with the 
value which subtracted the enumerated data of the 1st counter 5 from the enumerated data of the 4th counter 
8. 

[0069] An arithmetic circuit 14 And enumerated data of the number of an isolated dot, enumerated data of the 
count of generating of 2 continuation dot, The weighting multiplier [ respectively as opposed to each pattern to 
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four enumerated data of the enumerated data of the count of generating of 3 continuation dot and the 
enumerated data of the number of a mean value dot] kl, k2, k3, and k4 Multiplication is carried out These four 
values are added, the multiplication of the multiplier according to the color of a toner is further carried out to 
the aggregate value, the amount of offset according to the color of a toner is further added to it and the toner 
consumption of the color concerned in this print is calculated. In addition, the weighting multiplier k1 to these 
four patterns k2 k3, and k4 A value, the multiplier Ky of the toner of each color, Km, Kc, and Kk The value and 
the amount of offset of each color are beforehand set as the arithmetic circuit 14 

[0070] Hereafter, although actuation is explained, the process of color picture formation shall be performed in 
order of G, M, Y, and K here. First, although the process of color picture formation of C is performed a start 
signal is notified to the 1st counter 5 - the 4th counter 8 from a control section at this time and the 
chrominance signal and start signal which show that it is color picture formation of C from a'control section are 
notified to an arithmetic circuit 14. 

[0071] And a transfer of the printing dot of the image of C is started and this printing dot is inputted into the 1st 
comparator circuit 2, the 2nd comparator circuit 3, and the pulse modulation circuit 10. In the pulse modulation 
circuit 10, pulse modulation is performed based on the value of each printing dot, and the generated pulse is 
supplied to a laser mechanical component (not shown to drawing 4 ). 

5.u 7 , 2 tu oreover ' f or the 1st comparator circuit 2, the value of the printing dot to input is the 1st threshold 

The value of the printing dot which outputs the value of that printing dot to the distinction circuit 12 and 
nputs the 2nd comparator circuit 3 in being above is the 2nd threshold Vth2. In being above it performs ' 
actuation which outputs the value of this printing dot to the distinction circuit 12. 

.0073] And the distinction circuit 12 is based on the train of the value of the printing dot by which sequential 
supply is carried out from the 1st comparator circuit 2 and the 2nd comparator circuit 3. When the value of a 
jnnting dot is beyond the 1st threshold and the value of a printing dot is beyond the 2nd threshold It is what 
languishes the case where it is four in the case of being an isolated dot when 3 continuation dot'has occurred 
Whenever a gradation value detects the printing dot beyond the 2nd threshold, 1 is outputted to the 1st counter" 
) every. Whenever it detects that 3 continuation dot occurred, 1 is outputted to the 2nd counter 13 every 
vhenever it detects an isolated dot. 1 is outputted to the 3rd counter 7 every, and whenever it detects the 
>r.ntmg dot whose gradation value is beyond the 1st threshold, actuation which outputs 1 to the 4th counter 8 
tvery is performed. 

0074] Whenever the distinction circuits 12-1 are outputted, the 1st counter 5 - the 4th counter 8 repeat the 
ictuation counted up every, after receiving a start signal until it receives a signal, and the 1st counter 5 - the 
■th counter 8 — and — if a signal is received — the enumerated data at that time — an arithmetic circuit 14 - 
■ passing — enumerated data — clearing — the following counting — actuation is stood by 
0075] If enumerated data are received from the 1st counter 5 - the 4th counter 8, an arithmetic circuit 14 
>mce ^recognizes that the enumerated data concerned are the enumerated data about the printing dot of the 
nage of C They are [ enumerated data / of the 1st counter 5 ] the enumerated data of c3 and the 4th counter 
about the enumerated data of c2 and the 3rd counter 7 in the enumerated data of d and the 2nd counter 13 
4 It carr.es out and the consumption of C color toner at this time is calculated by the following formula 
' C ° ^Jf consumption =Kcx(k1xc3+k2x(c1-c2-c3)+k3xc2 + The amount of offset of a k4x(c4-d)}+C color 
^T-T" ? Here k1 THe weightin e ™lt'Pl'er and k2 to the pattern of an isolated dot The weighting multiplier 
nd k3 to the pattern of 2 continuation dot The weighting multiplier and k4 to the pattern of 3 continuation dot It 
; a weighting multiplier to the pattern of a mean Value dot. 

)076] Thus, although image formation of M is performed, the process of the image formation of Y is performed 
3 the degree and the process of the image formation of K is further performed to it after the process of the 
nage formation of C is completed next, an arithmetic circuit 14 calculates the toner consumption of M color 
le toner consumption of Y color, and the toner consumption of K color by the following formula similarly also at 
le time of these image formation processes. 
)077] 

I color toner consumption =Kmx{k1xc3+k2x(c1-c2-c3)+k3xc2 + The amount of offset of a k4x(c4-c1)]+M color 
\^J~ , C ° l0r /° n f r consum P tion =Kyx{k1xc3+k2x(c1-c2-c3)+k3xc2 + The amount of offset of a k4x(c4- 
U£Y color toner — (15) K color toner consumption =Kkx{k1xc3+k2x(c1-c2-c3)+k3xc2 The amount of offset of 
+k4x(c4-c1)RK color toner — (16) [0078] The weighting multiplier [ as opposed to / as mentioned above / 
•ur patterns ] kl, k2, k3, and k4 A value and the multiplier Ky of the toner of each color, Km, Kc and Kk 
though a value can be calculated by experiment When 1 printing dot considers as 6 bit patterns and the 2nd 
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threshold Vth 2= 48 according to the experiment of this invention person, k1 =0.76 — (17) k2 =1.00 — (18) k3 
=1.10 — (19) k4 =0.30 — (20) Kc =9.20x10-6 — (21) Km =10.50x10-6 — (22) Ky =9.95x10-6 — (23) Kk 
=12.53x10-6 — (24) was obtained. When calculating (13) - (16) type using these values, it was checked that the 
toner consumption of each color can be calculated in the unit of mg, 

[0079] In addition, although the operation of the toner consumption of each color is performed for every 
formation process of one color image in the above example since the case where the electrostatic latent image 
of four colors of C, M, Y, and K was applied to the color laser beam printer of the type formed in one photo 
conductor by one laser beam was explained In applying to the so-called tandem type equipped with four sets of 
a photo conductor and a development counter of thing Although it is also possible to calculate toner 
consumption per one print, of course since what is necessary is just to form this toner consumption detection 
equipment in the network of four image formation processes, C, M, Y, and K, respectively It is also possible to 
calculate toner consumption in a unit with proper job unit or one-day unit etc. In that case, naturally it is 
necessary to change suitably the gestalt of the control signal notified to four counters and an arithmetic circuit 
14 according to the unit which calculates toner consumption. 

[0080] In addition, the weighting multiplier [ as opposed to four patterns by the above-mentioned explanation ] 
k1, k2, and k3 and k4 Although the value shall use the same value A weighting multiplier [ as opposed to the 
pattern of an isolated dot by the color of a toner ] since a property changes with colors of a toner, The 
weighting multiplier to the pattern of 2 continuation dot, the weighting multiplier to the pattern of 3 continuation 
dot, and the weighting multiplier to the pattern of a mean value dot may be changed. 

[0081] About the method of use of the data of the consumption of the toner of each color for which it asked in 
the arithmetic circuit 14, it is the same in having mentioned above. 

[0082] Since it is above, according to this toner consumption detection equipment, the toner consumption of 
each color can be calculated with an easy configuration, and it is possible to apply to the thing using any pulse 
modulation methods moreover. 

[0083] A [experimental result], next the experimental result which this invention person performed are shown in 
drawing 5 . Drawing 5 is drawing showing the relation between the theoretical value of the toner consumption per 
sheet when printing 19 various images, such as an image containing both the graphic image and natural image 
containing many natural images, such as a landscape, geometric figures, etc., and a graphic image, and the actual 
measurement of the amount of toners actually consumed at the time of a print. In addition, in this experiment, 1 
printing dots are 6 bit patterns, and are the 1st threshold Vth 1= 1 and the 2nd threshold Vth 2= 48. 
[0084] Here, the theoretical value of toner consumption is the consumption of the toner of each color for which 
it asked by (13) - (16) type using the value of above-mentioned (17) - (24). The consumption of M toner and 
drawing 5 (c) show the consumption of C color toner, drawing 5 (d) shows the consumption of K color toner, an 
axis of abscissa is a theoretical value per sheet, the axis of ordinate of all is an actual measurement per sheet, 
and the consumption of Y color toner and drawing 5 (b) are [ units of drawing 5 (a) ] mg(s). Moreover, every 
point of the image with which each which is plotted at the white round head or black rectangular head of drawing 
5 (a) - (d) printed, respectively is shown, and 19 points are plotted by each of drawing 5 (a) - (d). Moreover, 
although the equation "y=1 .0000x^0.0002" is indicated by drawing 5 (a), this is a linear equation shown in drawing 
5 (a) when an axis of abscissa is set to x and it sets an axis of ordinate to y. Moreover, although the publication 
"R2 =0.9831" is shown in drawing 5 (a), this is a correlation coefficient when searching for the correlation of a 
theoretical value and an actual measurement about 19 points currently plotted. Drawing 5 (b) The same is said of 
-(d). 

[0085] Then, if drawing 5 (a) - (d) is seen, as for the correlation coefficient of a theoretical value and an actual 
measurement, it turns out about the toner of all colors that near and the point currently plotted are good on one 
straight line, and it has ridden 1. it is shown that this, i.e., a theoretical value, suits the actual measurement well 
— #### — it does not become others. 

[0086] Next, drawing 6 is shown for drawing 5 and a comparison. Drawing 6 R> 6 is drawing showing the relation 
between the theoretical value of the toner consumption when printing the 19 same images, and the actual 
measurement of the amount of toners actually consumed at the time of a print with having printed by drawing 5 . 
Although it is ** and the 1st threshold Vth 1= 1 in 1 printing dot ** h6 bit pattern also in this experiment it is 
made with the 2nd threshold Vth 2= 63. That is, in this experiment the 2nd threshold is made with the maximum 
gradation value. In addition, the semantics of an equation and the semantics of a correlation coefficient are the 
same as drawing 5 . 

[0087] Drawin g 6 (a) When - (d) is seen, it turns out that there is a plot which is separated from the straight line, 
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and that it is worse than what a correlation coefficient shows to drawing 5 . The above thing shows that it is 
useful to set the 2nd threshold to 48 with a gradation value, when 1 printing dots are 6 bit patterns 
i.0088] thus, the case where 1 printing dots are 6 bit patterns — the 2nd threshold Vth2 although the theoretical 
explanation about what it can be referred to as 48 with a gradation value, the pattern of a printing dot train can 
l 1V /iow mt0 P atterns ' an isolated dot - 2 continuation dot, 3 continuation dot, and a mean value dot and 
WW U2; type can detect toner consumption with a sufficient precision for is very difficult — an outline — it is 
thought that the following can be said. 

[0089] When 1 printing dots are 6 bit patterns, as are mentioned above, and a gradation value shows 48 by P in 

u-T u ' sup P° rti , n S the Sedation value near [ with the longer laser luminescence time amount in the graph 
which shows the relation between laser luminescence time amount and toner consumption ] the point of 
inflection is checked. And when it is going to set up a threshold, adopting the point of inflection of a graph or the 
value of the near generally in many cases is known well. Moreover, the printing dot of the gradation value of P or 
more points can be considered that the amount of toners consumed is equivalent so that clearly also from the 
property of the continuous line of drawing_7 . From the above thing, when 1 printing dots are 6 bit patterns it is 
considered that there is validity to set the 2nd threshold to 48 with a gradation value 

.0090] However, it is desirable to distinguish the case of an isolated dot, the case of 2 continuation dot and the 
3aSe u i? c i >nt,nuatlon dot for the reason mentioned above, even if a value is a printing dot beyond the 2nd 
:nreshold. From this, there is validity of a value dividing into three patterns, an isolated dot, 2 continuation dot 
and 3 continuation dot, about the printing dot beyond the 2nd threshold. 

.0091] As mentioned above, from the property of the continuous line of drawing 7 , although it is possible that 
:he amount of toners in which a value is consumed about the printing dot beyond the 2nd threshold is 
squ.valent, since it cannot say, that a value is such about the printing dot of under the 2nd threshold must carry 
jut another handling. This is a mean value dot 

.0092] By the way, although what is shown with the broken line of drawing 7 connects the both ends of the 
jroperty shown as a continuous line and it is the case where the property of laser luminescence time amount 
ind toner consumption is linearity, the toner consumption of a mean value dot with a small value is smaller than 
he case of a l.neanty property, and the toner consumption of a mean value dot with a large value will become 
many J from the case of a linearity property. If the average of the value of a mean value dot is taken when are 
ieen about the value of each printing dot from this and many printing dots are seen as a whole like an one image 
init although the value of a printing dot and the relation of toner consumption are nonlinear to be sure it will be 
ocpected whether the average is settled in a certain specific value. Then, the printing dot which a value is 
•eyond the 1st threshold and is under the 2nd threshold is considered that there is validity of treating in all 
ogether as a mean value dot. 

0093] As mentioned above, when 1 printing dots are 6 bit patterns, this invention person from the above thing 
s the 1st threshold Vth 1= 1 and the 2nd threshold Vth 2= 48 A printing dot train to four kinds, an isolated dot 
continuation dot, 3 continuation dot, and a mean value dot, a pattern part opium poppy, The number of an 
:olated dot the count of generating of 2 continuation dot the count of generating of 3 continuation dot When 
ounting of the number of an isolated dot tended to be carried out, (9) - (12) type tended to detect the toner 
onsumption of each color based on those enumerated data and it asked for the weighting multiplier to each 
attern, and the multiplier of the toner of each color by experiment, the result as shown in drawing 5 was 
btained. — 

)094] Since it is above, according to this toner consumption detection equipment, the consumption of the toner 
t each color can be calculated with a sufficient precision with an easy configuration, and, moreover, it can apply 
so to the equipment using the thing of a hybrid configuration, or the equipment which performs pulse 
iodulat.on by other methods also at the equipment which uses Pulse Amplitude Modulation also for equipment 
sing PWM as a pulse modulation method. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



.Brief Description of the Drawings] 

Drawing jl While explaining the 1st toner consumption detection approach concerning this invention it is 
drawing for explaining actuation of the dot array pattern distinction circuit 4 of the toner consumption detection 
equipment 1 shown in drawing 2 . 

Drawing 2] It is drawing showing 1 operation gestalt of the toner consumption detection equipment which 
detects toner consumption by the 1st toner consumption detection approach. 

Drawing3] While explaining the 2nd toner consumption detection approach concerning this invention it is 
irawmg for explaining actuation of the dot array pattern distinction circuit 12 of the toner consumption 
detection equipment 1 1 shown in drawing 4 . 

.Drawing 4 ] It Is drawing showing 1 operation gestalt of the toner consumption detection equipment which 
Jetects toner consumption by the 2nd toner consumption detection approach. 
Drawing.52 It is drawing showing an experimental result 
Drawing 6] It is drawing showing other experimental results. 

Drawing 7] It is drawing showing the outline of the relation between the laser luminescence time amount when 
■rmting only the printing dot of a piece, and the amount of toners consumed by the printed dot 
Description of Notations] 



[ — A dot array pattern distinction circuit 5 / — The 1st counter, 6 / — The 2nd counter 7 / — The 3rd 
counter, 8 / — The 4th counter, 9 / — An arithmetic circuit, 10 / — A pulse modulation circuit 11/ — Toner 
consumption detection equipment, 12 / — A dot array pattern distinction circuit, 13 / — The 2nd counter 14 / 
- Arithmetic circuit. ] — Toner consumption detection equipment, 2 — The 1st comparator circuit 3 — The 
nd comparator circuit, 4 
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(b) coaiicKy h<om<Dm%\$z.<oz. 



10 



[0 0 18] M-feOW*«)WJWIKy bvWK&ATl 

BLScKy hGHffigfc, 2 iSR K j/ b ©3B£IBH&t» &t>* 

+ k2 X 



hT?a>3. 01 

[0 0 16] 6#B ©EBflWKy h ©WPHBttiS 2 

wBUB&LbTJ&tK &w 7 #B WEWd Ky b^liffik 

*2©ami[KJiT?Jb5. tot, wiW39 t i[2«>Miiu» l 

rrTf2*BSKy h^lHI^L-CV^S. 01 (b) <o 
2&ttb*y h<o«S<0 7#BroPpjffilh*y h wfiBfi-MA^ 
ftVXV->5«?ttr<^c:i:S:^b-CV-»5 0 7#B 
8 # B K y b <z>WMflett#«=S& 2 ©HMtfil-tT 

mi (b) c92i£$EKy h©«BO8#B«0^*!l Ky b<o 

TIrI«t*4>5. Sfc. flHMfc Ky h ft _h|E©JK&K:J: 

9, mi (b) ©^WfitKy bwfliiwm^-e^-rJ:?^ 
t£oT, 01 (a) mstKy v<omk<o 

2 „ 2 K y b ©»£El«<z>fHMll t± 4 , f 
fflfiE K y b <o«#0>fHSH»tt 6 t tt S„ 
[ooi7] fit, ^-lxt>3o<ofHfeM;<o-?r^n 

— ©flMgfc«rsie»U 3£K-t»*3MI[K:^"fey 

«ot> ssntwcfih^ — (offigm-t, 

x (jfiAKy h«Hl*«5fHSfc«) 
+ k 2 x ( 2 %R Ky b <o«^HI»«>tHK4£) 
•+ k 3 x ( * Wffi K y b <??e«5:^ff SEcffiO 5 
+ C6ht-©*7tyFi -(1) 

^AH»L, jE^-t^n^tt^-7-ty bMSrin^-c, ^ 

HiSs 1 Mf<0Mfe b^— W?IS**tt, MfeW bi — 
SfcSrKm t5i: 
{ k 1 x (12 K y b (om%c<ot)rmm 

c 2 jgigg k y b <n&±mm<D&-mm 



m 20 



} 



(2) 



£&5o 

[0 0 19] Y&<DW&<Z>mi Ky b, R^Kfe 

Yfebi— ***-Ky X (kl 
+ k2 X (23 



+ k 3 x ( rp Pb^IB K y b «5«B:«5fH!kflf) 
+M-fe bi — <0^-7-fey b* 

^lM-e<^Y-febi — (Offi&M^ K&h1—<Offi$tn 
ii, Y-feco hi — O^afe^rKy , K-fe© hi — c 
Kk t tt, ^tT,^ix 
x (BUtKy b<^B«©t«S:«) 
K K y b «>»^EI»©?HftW 
+ k3 x (4>Mtf b«>fltt0tHMO J 
+ Yfi bi — co^-7-fey b* " (3) 

= Kk X {kl x (ffllScKy bOfi»»SHRflD 
+ k 2 x (2 3gfE K y b <D&3-mm<ott&W 



[0 0 20] fc*5 x ±&V>&'<#— WzM-tZAfrttft 
f*mkl „ k2 „ k3 , StK#fe<Dh-f— (D&gtKy „ 
Km % Kc „ Kk @* ©W&fcoV^TglJSS!lSrf? 

i/\ *<0£#telE^#RKfflW3;hfc«-6<0 ]»■*-*- 43: 
*SIU -^co^SiJ^tifc M — Sri:, -^t^TOJL 

*Ky(> **%&-r$ iniifc, *F B if« k s/ n (ommt comm. 10 

[00 2 1] ±fBW(l)~(4)^;T?|430(^^^ — Weft 
•f-ZM&ttifVmkl „ k2 , k3©ffikfc|5)l>f|£gr,fBV'> 

&m-?f3.m2<nmmzc, m, y, k^ov>t^ti^d 

■So 

[0 0 2 2] ^coj; UT^46fc#fero M — <om&: 

toMjstmBttfs* y = ^fc«a« §nx^ ss^tr 

[0 0 2 3] K±©i5Tfc5<ot-, ~<Dbi — m%M 

.two-?, «asra i 5 fc«r^*«j*-es63ii-s - 1 » 

Hbf, PWM&fflv^SSeirtK ^^iS^H (p 40 
AM) :£5*;SrflJ^5£*K:fc, fc5V^4PWMi P AM 

[0024] [* i co b i—mnMAnm^m *mm tfc 

ffiSat«>-|QliS?l51BSS:««-r5. **3, rrTiilfpJSU 
Ky bf±8 fcTy Mft*-e*>5 fci--5. 
[0025] EI 2 f±, h i—m&l a^HJSBSr* 7- V 



( 5 ) 

+ k 3 x cfiRHK k y n cummco^-mm 
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•(4) 



H 1 itKlE]?S, 3 i±fg 2 JtgJIsjEg, 4 tt: Ky MS?«/^ 

~>wa[isi* («t, mmm\si®tmi-) 4 saisi 

6t±M2^7^^^ N 7f±m3*r>>-^ s 8f± 

^1"o rrt(i*7^U-f7 , !J ^i4. 1 ocd 

®7fe#:wM)|a{rC v M, Y s K<046<D^H^iEE$ 

Y, K©46«J»«»Mfttio©«3l6fl=K:»j*i-5^i: 
t4Jl*n-efeS 0 ^fc > Z.<D$4zfcoj}=7 — *Fzf}) v 

[0 0 2 6] £AT. El2^w^i- : §•$|5^CoV^rSiK•r5o 
S 1 JtHSfHISS 2 f±, A*-fS^JE!lKy 

[0 0 2 7] l^2Ji|6lHie&3(i, A^J-t-SWJBIKy 
«^»2«?HMtVth2 ittfcWtU ^2©^{jtK_t05f(£ 
Sr*-f-5W«IKy N &WJIS1K4 i^tU*i-S t©-e$, 
9. T-fim 2 ©MffiVth2 ^PfpffiT' 4 8it5„ 

[ 0 0 2 8 ] (4, miitK[USS2 k$S2it& 

V^T % WJKy h«>|t*i|!ri<0|«HltJ&l±-e*>4»& s fi] 
81 Ks/ N©{ff#g?2 C0Egf(f^Ji-i?S>5»^-, 2»^ Ky 

W^SrWW-^Sfc©-?*?), PtP{i/5S^2©^ffi«±c73 
WJ Ky b*&%n1rzmmiz.mi i3V>9 5 tri ^rm^? 

i3*?^7[u fcittfj l 4 Pffnti»tfls i comim± 

[00 2 9] ^l^^V^S, ^2^^>-^6, ^3^7 
1 /SSfcB^J^HSi, l f~ VTy7-tZ>mi'F& 

* 7— M-f^^co^a^ u § feiwf &, ffiflift 

-§-^il*q$tbS„ r©{felWf-§-t}4, WWKyKwteafe 



( 6 ) 



1 ( a ) t^-f-J; 5 fcSUW Ky hroKWt&S t "TS 

|gl^7^>-^ 5^^-l,-C(4Bll 

(c) co^i^^>-^ro*i(?3S^-e*i-J; 5l-x 2# 
1 3#gco^]«!l Ky 
-mi fcttw-rar ftotBl (a) (C^i" 

BUM Kf hyiI«JWBBR:*5lt5* 1 # P 5 -e©fHR4t: 
t±7 tft&. ^ 2 6~|g4 # 9 strove 

[o o 3 o] itirEs&Qi-lis la^L^v^^-pr^ io 
szo-Kflr-g-a'&s. tot, «ati§K&9»:jisi#fri'' 

[0 0 3 1] -tU-C, SaWHll69(4, *1*S'^5~ 20 

"fraWCKy h<0fi!|fcWtftkffiS:*Jt>5 o BRal Ky hcofll 

2 mm K y h ©»&B»«>fl*«l±ilS 2 # !? 6 ©U" 

[0 0 3 2] ^UT, ttlliaMt9I£> mffiKy KcHBK 

»-raa*#«tflMRki , k2 , k3 &jftaii_/T* 

£> 3 oofjSSriitig U Hfc^rwAP^'IKti hi — ofelOS 

fcfcffi»«:**U JCK-tftKhi— 

•fey ha&AB^UT, vh^*5«t 5 Safeco 

*f-t-afi*#ttfiMRkl , k2 . k3 ©«u 
-ro^SfcKy „ Km , Kc , Kk (DM. CD;*" 7 

•fey hfi«^J6^lH]SS9^lS^SttTV^ 0 
[0 0 3 3] ^ujx&fHSSS 1 0 fSPPfliJ Ky h £26-^ 40 

cfehi— m»4=Kc x {ki 
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[0 0 3 4] JUT, »ff*S:S&SI3-*-$a^ ^"Ci*, #7 
— Bi^^<07'n-fe^(±C, M, Y, KtfJj&FPfcffifcfr 

frfrai,^ 5 , rrot#H*^y?5~l4*!>y?8 

t*ffcl19gISA=> b s C co # 9 -EHfeJgj*-?* 5Ii Sr^-flS, 
m%-k*$~ hf§#*Sii*B§^3. 

[0 0 3 5] b"C> CWSHfewM Ky h BB 
j*$Jb» rwPnWIKy hf±, »lJ*tt@l&2, m2tfc«E 
[§lSg3, S^yw^fSEHIHSl OKA^SJXS. -'^^ 

gepmssi o-eii— o — ^co^jsii k? h w-fiti-K-^T 

[0 0 3 6] isfc, ft l tb^lalgS 2 (±, AAtSPPiK 
y hwejsfl wfilttVthl K-hco^-^it, ^©Epi 
Ky h«0ffiSrWJlHiaS4fcffl*L, Jg2ifci&SIUS&3 12, 
A*-T5PPS!lh*y h coffin 2 <£>IWiiLVth2 £Un?ab5 

[0 0 3 7] J&Lt, WJIH8S4tt, fgli£t£|Hl¥§2 £ 
g 2 Jfc&lElSg 3i** &)ffi&tt& £ 2x5 TO! K y h (Di\t<D 
?tU::&-3v>T\ PP«!i Ky h«?W*S|l 1 coBfH»:^Jit > fc5 
TOJ Ky Y<oU&%2<r>fflm£kk.~Z%> : Z>Wr&, 2 
itaiKy h**?HfeUTV^5»a-, Miz: Ky h -CfeSft-d- 

<d 4o<D^srWJi-5 1 ©-cfe t> . nmit^m 2 com 

lSrttS^ib, 2ilit Ky h^4tfcri*i*nt5S 
ttK: » 2 * v# 6 i Srffl* U Mitl K y h Srtftftii- 

MKGUi-efcS WJ Ky K fe*MP**"»flWfcl»4 # > 
^ 8 1 SrW^-rSKffSrtf 5. 
[00 3 8] Si ^7^^^ 5~^4*!>>'^ Sti, ^.^ 

BIJ0SS4 1 /SSffl^) SHSS^tc* ^ >- h T y r-TS 
»^«ri»!i3g-f-. ^L."C, $1*7^5-^4*^^ 
*8tt, ^^K«^att2.t, *©t#«>tl«liLSrtSl 

«Ktff 5. 

[0 0 3 9] j£gEg&9tt, ^1^U-V:?5~S4^'? 
WJKy h^^:ov^T<7?^|■^r•liS^?^l>5wi:SrfgL^^L.•CV^S 



+ k2 x (^2*^^^C0fh^B) 

+ k3 x (»4#9^«>tHRffl[-«i*!>>'^©tHKII0 } 
+ Cfehi — co^-7-fey hi -(5) 

M(Dpf^^C0^o-fe^^^^$tL5^ N 50 — h-ff^-/5 s ii&£t^ ^HlSg9fc{±*Jffllg|3^b, CCO 



11 

# v —momi&vih art sr^-r fi{g-§- t*?— 

[0 040] -t L-T., MWpT^WRljSlI Ky h^KS^i 
rcDpp^ilK^ Mi, ^lJt^HIgS2, M2itm 

^IhJE&i 0"Cf4 — => — ^EWJ Ky h<7>fl££S^-c 

[0 04 1] Stc, M 1 it$km$& 2 [3, A*i-«S1JB!)F 

Ky h«|iS:*Mlel!S4K:BAU ^2Jt^m^3», 
Tcfc-TSPfUMKy h<Offij}SB2<?3Blffl[Vth2 £(-k-e&3 
m&te}^ rcQfp*!lKs/ h©{££WJ0S&4[::ffi;7rr£ 

[0 0 4 2] ^rUT, ¥0MHISg4tt, lg 1 JfctSJUSg 2 
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1 Srm^J U 2 i£M K y h #MLfc: i *<ft*P-f5a; 

5S«C!63*e'^7Cl SrtfiAU NIMKtfffio 

* 8 K l SrmAi-Sttffs&fr 5.. 
[0 0 4 3] IlA^y^5~l4*|?^8fi > 

10 Wm&At*h 1 ^H3^Six5«fete* 9^ NT y-rrz, 
»f^*r*9«i". ^tt, ^1*^>-^5~^4^!?V 

[0 0 4 4] 8tjtEI»9H: x Jf l#£V*5~fg4;!7^ 



MfeS-?— HIM=Kji x {kl x (»3#9^©tHMfi) 
+ k2 x (02*»>>'^©fHfeflD 
+ k3 x (^4^7^>- i ?©th«Sc{ii:-^i*^>-^otl-^:flt) } 

+ M-feM <7?^-7-fe^/ hfi ..-(6) 



[ 0 0 4 5 ] Jfcfc, Y©pf<fe^jft«)7'n*^*SfTfcn 4 

YfihT— m^fi=Ky X {kl 
+ k2 
+ k3 



[0046] 



(M3^J^>-^©tftfciB:) 

+ Y6 S^-— hi ...(7) 
— ^#S=Kk x {kl x (JBa^^^otHfttt) 
+ k2 x (#2#fr:x#©?Hfttt) 
+ k3 x (»4*r?v^©ff*«-j(ti*^^©fHS(:ffl) } 
+ Kfef--? — ct7tyM -(8) 



[0047] ft*3, gUKZ>0S-ei2, 1 OCD I — ■ iF^t 8 
C, M, Y. K©46©iliii^loOi)tft:l:M 

feWjCaS^i-S^-^tcfi, C s M s Y, Kfi0 4-oi7?W& 



[0048] _tia<7?iftWT?(*3-c.©/-!^>- vtiM-rsa 

*WW««kl , k2 , k3 ©fltttraiUK^V^txJD 
[0 0 4 9] »^t|H|^9T?*lt>fc#fe<D h-? — ©JiJt* 



( 8 ) 
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14 



[0 0 5 0] SUb©±5-efc5©T?i. ^©ft-i»t 

v ^ ©£ t>awn-$ c t & nmvh §o 

[0 05 1] K2© h-*—?H»*«ffl*jSte] » 

?K 2il«KyK tlWtKyK l&i©W*, &2 
©PliiKov *T bfc i: R 5 « 

[0 0 5 2] r.©Jfr2©:frfttt, _Blbfci£l©:£*fc© 

satfc mi (v^mx-mmi k? h^u©^©-^ 

— liKyb, ZitRKy fWMtKy h0>3 

mm^ftm u k y b vmwcottwM, 2 k y 
fewsowfhtwji^^s^x^-fero hi — mm&A&m 

cos*?— yiddxt, 3»^Ky b&fcWJ-TSi:?^ 
Ltv^, 3i*,fi£Ky hit*. PiPflt^Sl2<o 

©£-f-3. 

[0 0 5 3] 2iiBlfcKy bfcdDjfC* SjfcBKyhSrfc 
WJi" S © Hu Wz. tfifcfcWBI © EPffi!) K y b # 2 offi^ 

l-o 3ojgMb-cv^®-s-it?te\ 

b ffi#© b M»S© 3/2 TJttfc 

<, ^h-J;95^#K&3<^5iiii;a s fc3©-C% 231 

5»aE*< h as**©«w *rr?^ttf-?%z>k% 

[0 0 5 4]M«lK:tift«>±5t$ 1 5, Hf 
fc>;h.3fc©i:i-3o 

[0 0 5 5] i©*^, Si*, I*7^Jt5Cfe©H« 
©EWJ K y h i-ov vf, K y h ©fllfgu 2 J^gg K y 
Cfeht-»»l=Ko X (kl 
+ k2 X 
+ k3 X 



v h©fl»«rtHRi-5. v>n- N cfi©pH*©pp 

JB!l Ky h^U^EI 3 (a) KL^i-i5^fe5i:i-5o ft 

*s, ei 3 (a) (a) tmc-efes. r^-cti 
mm Ky h t± 6 trj' M«^-es> ik sg i <7>sg{evthi= 

1» »2©IW«Vth2--4 8 ti-S. 
[0 0 5 6] m^t Ky h, 2ii§c Ky h , ^Htfi Ky h 

Ky M£o^-tt:£#:©.fc 5^fc3o 6#B©EPf&iJ Ky h 

io <D^m^%2(r>mm.^xh'o , &©7#b;ru*8# 

g©TOI Ky h«7Hnmtt>#(ctt 2 ©HfilRJiT-fcSo 
tSo-C, ^ffia^2©Ete£Lk©l$»!lKy htf s 6# 
1, 7#g, 8#g fcigi^b-r^SGO-Cs -it*3li 
Ky htfSll§BS£b-CVN£. E13 (b) ©33SKy h 
©$8 <D 8 # B ©EWJ Ky h ©ffisff tHA^ttv V >3 © 
ti;i.©;ii:£^bTV>;£> 0 7#gt8#li:9 

# a (omm k y h ©wamttt^nfess 2 ©bh*e* jlt** 

S©-e, ^^T-t 35SigKy h^i|lj^U-CV^„ B 
3 (b) ©3MKy hoofficD9#ScD^d Ky h<z>® 
20 j^rBAjW^T^5©ttr©;ii:&:^b-t\/ , >5. 

RAIT**. 5. EI 3 (a) ©»S\ Ky h© 

mm^mm-i 2 , 2 ser k y k ©ss^hi*© tHBcttt* 

4 , 3 iffiHg K y h <D%£.\n\m<vft&ifc ft 3 . tf Kft K y 
[00 5 7] * LT, 4 owfHRtfK:^ Ji^JvS- 

30 -So fet, gRllTfOCftbt-oUHiS, 

Ky h©^^— vK*ti-Sfi*ft»t«»:Srki . 2ig^ 
Ky K©^^->-tc>6fi-SS[^#^IS:S:k2 s 3%R 

Ky >-K«^-««JWtltflMfc*k 4 i: b, C 

few h^-— w#^:4rKc iLT 
x (H4Kyb ©<SiSc©tHSrti£) 
( 2 asai K y b ©^^mtScwtf^ffl) 
(SlRKyh W?g^lH]m©»i-iScie) 



+ k4 x OFWHii Ky h ©^^©fUSffi) ) 

+ CfeK^ — «*7t7 M -(9) 

AC^i-5= ^bT, H^-e©iD#iEt^MfeOT hi — ©# 
«fc$r*^b. Kte-t©«JMtfcd-7-fey h*Sr*B*.T. 
^©t^l:ifB^$Ji,fcM-fe© hi — 
-C, SttiH-^cfch-*-— ©«**Hu Mfioht- 
©«»S:Km ^b"C 



[0 0 5 8] M-fe©S^©PnJ5!l Ky b^M^A^J 

Mfe Wpf-f^© WJ Ky Mc^btb, W\M 
fc, mAKy K©W*c, 2aB(*Ky h©»*EH!k. 3 at 
iKy h©^[HlSfc, ^tJ'tflHHit Ky b (OjS^tmrT 

So ^ebT, ^tub4o»thfcfflfc^^n«-^^->' 

Mfebi — ?«^*=Km X (kl X (ffllSE Ky h©fl*©tHR«) 

+ k 2 x ( 2 %R K y b ©^^Isl^coWSicffi) 

+ k 3 x ( 3 jffift K y b ©3S^|Hl»©tl««) 

+ k4 x (tflRHIEKy b©fi»©fH»ffiD ) 



( 9 ) 

15 16 
+M& h1~—(D3r7±y hM. ---(10) 

[0 0 5 9] UT. Y6©W<ft©SJBI K RVKg, . Yfe© OflMR^Ky , 

Y&f^ — ^*S=Ky X {kl X (llftK? FQMOfHMD 
+ k 2 x (2 K v h <5^tHlSfc©ff^:®) 

+ k 3 x o k 3/ h ©3s&i§i*©*HMt) 

+ k4 x (ffHUKKy hofigtotHKIi) J 
+ Y&bi — ©t7ty M .--(11) 

b^-rS»ft=Kk x {kl x (MSiKy b (^StoH-gfc-fjS) 

+ k 2 x (2 S£3£ K y h ©^JsJftofHgtlt) 

+ k 3 x (3 mtt K S' K ©3S±lEfifc<Z>fHSfcffi) 

+ k4 x (cfJlfflffi Ky h©«Bt©W*{|D } 
+ Kfi M ..-(12) 
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10 0 6 0] JfcJS, _hfS©#^ — ^fc»-f«fii5^#»t 
#ftfckl „ k2 , k3 , k4M#fe«ht-0«K 
y „ Km , Kc , Kk ©fltttx «9@H^-oV>TTOJ 

*5:*SI!IU ^(Dmm&tltcbl — fit, ^rcot^copp 20 

2 jg^ k y s mm, 3 mm k y s 

If iv\ 

[0 0 6 1] JiiECD(9)~a2)5St t f±4-o<7?x-?^ — vfc 
^SM^ttttGMgCkl „ k2 , k3, k4 ©ffiWtl^U- 

^M'fcS^-e, hi — ©feia-oTT, 14Ky h©/-?i? 

2*RKy N©;<*-^fc 

&S 0 w©i5i;Lt*afciS-ftc ©^3t 

tifflV ^ - t 5rt tt_hiS Ufc £ 

feso 

[0062] u±<o £o <dx- , z<d b-r—m&S: 

y^lSKyh, 2i«KyF, 3^h>K 40 

nw Ky n©4 a® t#*t > msc k y h 2 
k 5/ h <7>m£.mwt, 3 jgi^ k v b <D^mm, k 



•f, pwMSr^sasw::^ ^^^stBaeii (pa 
[0 0 6 3] [»2 © b^-iwaatftta^Si&sufl 

1 mm K y M4 6 t" y -5 i i- So 

[00 6 4) @4ft s h-*^-**«KmS«fc*9— U 

^iaSr^i-BlT?*>So 134 tC^#fifett|SI 2 ^i-^© 

ic*v^t, 1 1 \± b-t^-m9t*»mm. 1 2 n by b 

13f±^2*i>^, 1 4 tt«jilHllS«r^-t-. b 
4t*5V^t, 0 2lc^i~t©ir|glC 1 t.O5^-oV 1 >T(±llt— 

•TSo Sfc, ri-eii*7-w-f7'y^t4, 10© 

^^©JlHirC, M„ Y, K<0 4-fe©saifegi^SEaS 

||w*K-^tt*v^«>-e v EI4 Ttt«&fcfly^MWttE-o 

[00 6 5] TOJ@gS 12lt ^1 tbfelHlgS 2 t ^2 it 

wo k y b <om^m 2 ©wtBUi-e*, s 3 k 

y hi^UtV^^ M±b'y hTfc5^04o 
2*^v<? i 3 in SrtfWU SttStKy hfttMP 1 *-** 

ft k s» 3 * & 7 1= i $rm^j u Mintittft i comm 
suzshzmBAvv b&&%a-t~z>mmzm4#$>?8 



( 

17 

[0 0 6 6] mi^V^S. S2^!)^13, H3 

(H«HS#i>H*nS^S. rofflWS-g-tett, fPtfll Kyb 
0^*9:^4, ^-Mt-g-SrgtfSfcs WI0S&1 

T, #J;LfflI!3 (a) H:s%-t-J;5JteBJ8!lKy htOE^Ja 5 

Tt±01 (c) 1 * ©I©i^LT*^t i 5 
2#g, 6 — 1 0#S, 1 3#B<DPPWJKs' b©t 

5-e©W-»«Ctt7a:ft5. H2#9V*13, ^3*^ 

>-#7, B4#?v* siroi^xfcwiistifcs, 

[0 0 6 7] ^IhISS 1 4 fcf*, EI*U*V^^— pH£ 

IMafr^^&tHHKrSrtCj*, SITU!!® 1 4 ttfSI 

[0 0 6 8] tUt, WfBKl 4ft, ISl**^- 
%ftKy h»«£|SI#©fHMia, JW4«IB«Ky boffl 

£®m<vftmm-z.%2j}i}>'* 1 3©tHM*t©t>©-e 
[oo6 9] -tut, ss^isig&i 4t±, ascKy hcofli 

Ky K03B^lll*«?eHRffi, fB* Ky h©«R<©fHS 
SM-5**ftJt«*kl , k2 , k3 , k4 feJRffb 
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mm&n v-r- as******. &*5, ^Mo^ 

^-VfcSN-t-Sm^W^fiMRkl , k2 , k3 , k4 CD 
ft, W — <£>W*fcKy , Km , Kc , Kk CO-fjtt, 

Rrjfeg-fe©t7t5- hift^feiWSC.liissi 4fcts^§n 
[0070] sit. m^m-r^ft, ^r-?t4, #y 

10 hflr*J*«*n**u, i 4 

ettftWWU^fes Cco*y— St^j^T-fcSr tSr^-T 

[0 0 7 11 ^rbX, cco®^oPPS!l Ky h«?(Ea&j9»HI 
»S*b, rn^WJKy Mi, » litgEH]^2 v $2J£tg 
H1SS3, 2&tJ5>-«/i'^S6«IEIJ& 1 Ot^AASns, /^.x 

ffi«am?&i otii — => — awRpjBiiK?/ Nco-iiii^-^v^-c 

[0 0 7 2] JSlJt*CHII&2tt, A^J-r5fPJ8!lK 

20 y h<75#:^l<73Bi-(itVthl W-btO^fci*. ^rCOPPJSlJ 
Ky SrofltSrWJUlS&l ff 2 ttifelUSg 3 

A^*r-5PPJS!)Fy Scoffi>iSM2 co^fitVth2 £;_h-e 
' <oPpJS!l Ky SwffiSrWWiafcl 2Kt±J 

[00 7 3] * Utv WJISISS 1211, * 1 it^HSES 2 

ti2 tt&ni & 3 i a* t>wm.m& $ Jx 5 ePBfl k ^ h ©At 

©jnji^S-^v^T, Ky hcoft^Ml 1 »Pffl£JlJiT?& 
3lKKy h^3S^UTVN5*& N 18135: Ky bX*fc5t 

^i&ai^jb, 3 »m k s/ h t>m*E vitzt ^^p-r -s 

1 mmSl -h -efo^TOJ Ky bSr«»i-«flC«K:»4* 

[00 74] SI l*^^^5~^4*lJ'>-^ 8(4, 

BiJIH^l 2A^b l^UiA^5SftC*!»h7s'^t 
40 ?»lb^Sr^!?ig-1-o ^Erb-C, % 1 * 5 ~Sjl4 * ^ 

ia^tUlK 1 4 fc»UTtt«flt*^ D7L, ft©*HMW 

[0 0 7 5] 414, %\*t?^9 5— »4* 

»i*C'>' 1 J'5WtHBc**ci , f?2*^>-^ 
1 3 ©fHMtfc c2 , ^S*-?^^? tOtfiScffiSr c 3 , 
f4*!>y^ 8C0fhtfcffiSrc4 tUt, gfcro^lcitir 
50 (Dt^COC-fe h-^ — <7>m»fiSr*«)5. 



[00 76] 
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Cfehf— ffi»*=KcX {klXc3+k2X (cl-c2-c3) -fk3X c 2 
+ k4X (c4-cl) } +Cfiht^t7tyH -(13) 

[0 0 7 7] 



flHR, k2 tt2l«Ks/ hco^— ^Mi*S**#tt 

am, k4 tt^wntKy ho/<*-xK*hra«*fttt 

M&bl— »*i«-KaX {klX c 3+k2X (cl-c2-c3) + k3X c 2 
-hk4X (c4-cl) } +Mfiht-©t7tyM -(14) 

Yfeht-iM^KyX {klXc3H-k2X (cl-c2-c3) + k3X c 2 
+ k4X (c4-cl) } + YfeW — ©t7ty M —(15) 

Kfih^-«#*=KkX {klXc3+k2X (cl-c2-c3) +k3Xc2 
+ k4X (c4-cl) } + KfeM — GO^ir-/ Nfi -(16) 

[o o 7 8 ] JiifeUfcJ: 5 te, 4o^/N7^y^t^ 

kl N k2 , k3 x k4 (Dm, 
hi — G>ffi«Ky % Km „ Kc „ Kk GJfllttjSBkfc: J: 9 



20 







kl 


= 0, 76 


-(17) 


k2 


= 1.00 


-(18) 


k3 


= 1. 10 


-(19) 


k4 


=0. 30 


-(20) 


Kc 


=9. 20X10' 6 


-(21) 


Km 


= 10. 50X10" B 


-*(22) 


Ky 


^9. 95X10" fl 


-(23) 


Kk 


= 12. 53X10' B 


-(24) 



feftfc. CJ% b ^fltSrS V ^ (13) ~ (16) SS© jfilf & 
[0 0 7 9] #43, jy.JbcoM-Ctt, 1 oro U— IF^T? 

t>Wfril^i-§^-^-{r^, C, M, Y, K<75 4o<£>iIH£ 

[0 0 8 0] /i*3 s _hfEWlfeW-e(±4ocD/N'^ — >^ 
t5I*#lt##kl „ k2 v k3, k4 CfjfiilRlDffl: 



[oo8i] s^msgi 4-e**t>fc#fe<7? h^-— cDffi* 
3, 

[o o 8 2] j^Jicoi^-e&sw-e, bi-—m&& 

[0 0 8 3] [SH®^*] ftfe, *%BJ#^5^ofc^^ 
30 HJ^Sf*#<^tf^97^y^Bsr«. IMlt^5 7 

mvtt t * i ticforo b m»swgffegti x 7- y 

M4 6 tf y Mffj*-e*>5^ JRic?ISMSvthl=i, $2 
cDHfltVth2= 4 8-e^,5 0 
[0084] h t-iti©Wtti ti v JifB 

(17)~(24)Wfil:£rJSV^, (13)~(16)^fc Jt (5 

ht-©Ittt*5„ @5 (a) liYfeh-^-O 
fll&fi, 1215 (b) liMht-OifiH, 05 (c) tt 
C-fe h-t"— 0 5 (d) fiKfeb^-— 

05 (a) ~ (d) (DfalLtbZW-Zmmft^U y £ 

^i^Sr^L-cfc!9s 05 (a) ~ (d) w-^tt-entw 

t±19^S/Py h§jLT^5. 0 5 (a) lr« 

r y = 1 . 0000 x - 0. 0002 J t v * 5 *S5ft* s safe § V ^ 

(a) ir^i-ii:«ftco^'S^;-efeSo ^fc. 05 (a) \z 



40 



50 
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f± TR 4 =0.9831J tV^SIBiW*****, mfi^ny 

Sr*J6fci*«)itBM#*t?*>5. HI 5 (b) ~ (d) t 

10 0 8 5] -tr.T?Bl5 (a) ~ (d) &5UtU^ 
<D&co h-J — aHMK££jHff®ftHffiKttl 

m.t ±<^oTV^;:£&^UTV^5l^ft?>ftV\, 
[0 0 8 6] tfcK. 0 5 iJt^wfcfttcEie HS 

6 f±, HI 5 TiWJ bfc t m 1 9 j£«rfp«l bfc fc # 

&VatSb*X\>l } ftfflY->/ h-feh6 tfy 01 

©KMi:vthi= i -efcsas, »2«5Bwavth2= 6 3 tft 
Pfiift^-rv^^-efe^c ft*s, ifrSsSwi&sfe, *b 

Hfl5«©JSt8fe»H SiBI Ci?fc5„ 
[0087] 0 6 (a) ~ (d) WMfrbffi 

(JSV^r. i^^So EA-fcc?- t^bs lPPJBO Ky 
h-tfs 6 If y YMf&nmit, »2«JBMtS:|J(tW*-C4 8 i 

[0 0 8 8] reoj:5l~, lEPJSlI Ky h&Q try Mfjsfe 
<©»fr, 02»Mttvth2 feMMBTM 8 i; U EPflKIK 

i^K'/h, fHffiKi/ h0>4-o<zv«^ — >-te^(t, (9) 
[0 0 8 9] 1 fiMll Ky h # 6 try ±3fc 

pmHMt4 8 iv^rofiEmi&v^TP-e 

£ ft A & 5 v » tt-t coi£*£coft SrSUB 1" 5 r. t *s#v * c i: 
ttJ;<*n6>*vCV^ g 0 7<os)SJ|il©«rtb6»b , bl? 

& /^ft P ^SAiropifP-IE^giJB'J K y V Ico^t 
ii^*$^u^b^ — Attract S. » 

[0 0 9 0] LA i b, ±MVtzM&KL&X) , 

fc, 25£»Ky aasttHy b<o*fi-i£|Z 

_b<Dl$JBll Ky M£-oV>-Ctt, liKy 2jg«Ky 
3iittKy hfiO3O0V!*— V^(f5wt(0S-S 
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[0 0 9 1] J: 5 2 <Dmwsi±<omm 

2WB8'(t*flSiwfP©l Ky Mrov^Ttt-eco J; 5 ftc t ti. 
V ^ ft V -> <D T*»J ft Si 5 £fcv ^ Sr b ft ttn lift b ft V \ r ti 

[0092] tz *>x\ m 7 ^mmxTjk-f-hoo^mmx 
10 $ v^wflt k y h « h ^— mmmtmmmk<oi&& &. *> 

fRfteci^j; !3#V^t©i:ft5o r: or. — 3- 
o©W Ky ^fCcV^*5i, 5ft/5^-PP^U Ky h 

offit h-j— fflf**«jiaffi±*iSB!jft«>-(?*)5««, Br^ 

fit (4 <fc -5 5 <o -t?(±ft v * a t ^-ffl $ K 5 . 

5 WJ K y N Cov *X\±. tflHHK Ky hi Lt-efc 

[0 0 9 3] 6H±«5^t*»6> % ±a>Lfci 
5fc. lBKIh'y h#6tfy h^«J^, 0 1 <^P4ffi 
Vthl=l. 0 2coHffltVth2=4 8 t LT, RUSH Ky h 
^iJ5r, M±KyK 23^h*yh, 3iiigg Ky h, <¥ffl 
ffiKy h©4lifc/^- V^-ltb, 5Hi£Ky h-Of@ 
ft, 2 K y h O^^EIifc, 3 Satftk K y h ©3B*S 

30 ft, Jtat#fio hf— ©flMKSr3S»kfcJ:o-c**fci:£: 
6, 05ir^i-J;5ft^*S:#fc<75-efo§ o 
[0 0 9 4] aiWiS-CfeSWt?, '©h^ — 

t, '^C79 y K«^©t«34rffl^5SSJ-t.s foav^ 
[Hffirofg5*fttftSJ1] 

40 [mi] 3t=56MK:«5jB i o hi — m^&^Bi^m^n 

[ei 2] &i<Dhi—m&mmmjmnzi:Q h-t—mm 
-rig-efcs,, 

[19 3] *3SMK««SS2© h-i— M*«ttUi*jfeS:a 

Ky hSB^^-vWJIDSSl 2<DWiftZWiW~r?>tiib 
50 <£>E]-efe3«, 
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[ei 4] m2<Dhi— m%&&mjjmiz£V) bi—mft 

[0 6] ion^i^tiTis,, 
363feH#IW 4: s JMISftfcKy McflS#S*i,5 hi — &t 
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•••fg4#£;x*, 9-aijnaB, io»^/^aaiig 

1 1- h^-«**»JfJS« % 1 2-K* hW3?t'< 
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